A Gram-staining-positive, non-spore-forming, rod-shaped, non-motile and aerobic bacterium, strain THG-e54 
The genus Terrabacter (family Intrasporangiaceae, order Micrococcales and phylum Actinobacteria) was first proposed by Collins et al. (1989) to accommodate the transfer of Pimelobacter tumescens to Terrabacter tumescens. At the time of writing, members of the genus Terrabacter have been isolated from soil, air and stone (Montero-Barrientos et al., 2005; Yoon et al., 2009; Kim et al., 2011; Lee et al., 2008; Weon et al., 2007 Weon et al., , 2010 . Species of the genus Terrabacter are Gram-staining-positive bacteria, and have MK-8(H 4 ) as the major menaquinone, iso-C 15 : 0 as the predominant fatty acid and a cell-wall peptidoglycan type of LL-diaminopimelic acid (Stackebrandt, 2012) . In the present study, the phenotypic, chemotypic and genotypic characterization of a novel bacterium, designated strain T revealed that the strain was a representative of a novel species of the genus Terrabacter.
The soil sample was collected from a flowerbed in Bucheon, South Korea, and was thoroughly suspended in 50 mM phosphate buffer (pH 7.0) and spread on Reasoner's 2A (R2A) agar as described by Liu et al. (2006) . After incubation at 28 u C for 7 days, colonies were picked from the plates and further cultured on R2A agar. One of the colonies designated strain THG-e54 T , was preserved in a glycerol solution (25 %, v/v) at 270 u C and routinely cultured at 28 u C on R2A medium.
Extraction of genomic DNA was performed by a commercial genomic DNA extraction kit (Solgent). Amplification of the 16S rRNA gene was carried out with the universal primers 27F and 1492R (Weisburg et al., 1991) , and the purified PCR products were sequenced by Solgent. The 16S rRNA gene sequence of strain T was compiled with SeqMan software (DNASTAR), and edited in the BioEdit program (Hall, 1999) . The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al. 2012) . In the subsequent phylogenetic analysis, CLUSTAL X software (Thompson et al., 1997) was used to 3These authors equally contributed to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain T is KF314196.
Three supplementary figures are available with the online version of this paper.
align the 16S rRNA gene sequence of the novel strain with those of closely related members of the genus Terrabacter. Genetic distances were calculated using Kimura's twoparameter model (Kimura, 1983) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ; data not shown) and maximum-likelihood (Takahashi & Nei, 2000) algorithms available within the MEGA5 software package (Tamura et al., 2011) . The topology of each tree was evaluated by bootstrap analysis with 1000 replications (Felsenstein, 1985) .
The morphological, physiological and biochemical characteristics of strain THG-e54 T were investigated after cultivation on R2A agar at 28 u C for 3 days. Cell morphology was observed at611 000 magnification with a transmission electron microscope (JEM1010; JEOL) after negative staining with 0.5 % (w/v) uranyl acetate and air-drying using cells grown for 3 days at 28 u C on R2A agar (BD). Growth on R2A agar (BD), tryptone soy agar (TSA; Difco), yeast mould agar (YMA; Difco), Luria-Bertani agar (LBA; Difco), marine agar (MA; BD) and MacConkey agar (BD) was also assessed at 28 u C. Growth at various temperatures (4, 10, 15, 20, 25, 28, 30, 37, 40 and 45 u C) and at pH 3.0-10.0 (in intervals of 0.5 pH units) was assumed after 5 days of incubation. Salt tolerance was determined in R2B supplemented with 0-10 % (w/v) NaCl (at intervals of 1 % NaCl) after 5 days of incubation. The Gram-staining test was performed by using a Gram stain kit (bioMérieux) according to the manufacturer's instructions, and sporulation was investigated as described by Schaeffer & Fulton (1933) . After cells were grown for 3 days at 28 u C on R2A agar, catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined by using 1 % (w In order to study carbon source utilization and enzyme activity, API 20NE, API 50CH and API ZYM kits were used according to the manufacturer's instructions (bioMérieux). H 2 S production, indole production and motility were tested on sulfide-indole-motility medium (SIM, Difco). Methyl-red and Voges-Proskauer tests were carried out as described by Smibert & Krieg (1994) .
For the analysis of fatty acids, cells of strain THG-e54 T and reference strains were cultured on R2A agar plates at 28 u C for 2-3 days, then biomass from the third quadrant of each plate was collected and used for the preparation. The cellular fatty acids were analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial Database (TSBA 6.1) (Sasser, 1990) . The freezedried cells for the analysis of polar lipids, quinones, cell sugars, peptidoglycans and mycolic acids were produced from cultures grown for 2-3 days in R2A broth under aerobic conditions at 28 u C with shaking (180 r.p.m.). Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), evaporated under vacuum conditions and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified by Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by HPLC as previously described (Hiraishi et al., 1996) . Polar lipids of strain THG-e54
T were examined by twodimensional TLC (Merck Kiesel gel 60 F254 plates, 10610 cm) and identified as described by Minnikin et al. (1977) . For the first dimension, chloroform/methanol/water (65 : 25 : 4, by vol.) was used, followed by chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension. For detection of total and specific lipids, the plates developed in the solvent system were sprayed with 5 % molybdatophosphoric acid (for total lipids), 0.2 % ninhydrin (for aminolipids), molybdenum blue reagent (Sigma) (for phospholipids) and 2.5 % a-naphthol-sulfuric acid (for glycolipids), followed by drying at 120 u C for 5 min. Whole cell-wall sugars and peptidoglycans of strain THG-e54 T were determined by using cellulose plates for TLC as described by Staneck & Roberts (1974) and Schleifer & Kandler (1972) , respectively. Mycolic acids analysis was performed as described by Minnikin et al. (1975) .
For the measurement of DNA G+C content, genomic DNA was extracted and purified as described by Moore & Dowhan (1995) , and G+C content was determined using reverse-phase HPLC according to Mesbah et al. (1989) . DNA-DNA hybridization was carried out between strain THG-e54
T and type strains of closely related species of the genus Terrabacter as described by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and micro-dilution wells. Hybridization was performed with five replicates for each sample at 53 uC. The highest and lowest values for each sample were excluded and DNA-DNA relatedness was calculated as the mean of the remaining three values, converted to percentage.
According to the 16S rRNA gene sequence analysis, sequence similarity (continuous stretches of 1407 bp) indicated that the closest relatives of strain THGe54 T were Terrabacter tumescens DSM 20308 T (98.6 %), Terrabacter terrigena ON10 T (98.4 %), Terrabacter terrae PPLB T (98.4 %), Terrabacter lapilli LR-26 T (98.4 %) and Terrabacter aerolatus 5516J-36 T (98.4 %). Lower sequence similarity (,98.6 %) was found with all other recognized species of the family Intrasporangiaceae. This relationship between strain THG-e54
T and other members of the genus Terrabacter was also formed in the phylogenetic tree ( Fig. 1) and the maximum-likelihood tree (Fig. S1 , available in the online Supplementary Material).
The results of all the physiological and chemotaxonomic characterizations are included in the species description. The cellular morphology of strain T is shown in Fig.  S2 , cellular fatty acids of strain THG-e54 T and two reference strains are shown in Supplementary Table 1, and the polar lipid profiles of strain THG-e54 T are shown in Fig. S3 .
The DNA G+C content of strain THG-e54 T was 71.0 mol%. The DNA-DNA relatedness value (±SD) between strain THG-e54
T and five strains with 16S rRNA gene sequence similarities of . were 12.4±1.7 %, 11.3±4.8 %, 34.6±2.4 %, 35.2±2.2 % and 6.9±5.5 %, respectively. These low DNA-DNA relatedness values suggest that strain THG-e54 T belongs to a distinct species of the genus Terrabacter according to Wayne et al. (1987) and Stackebrandt & Goebel (1994) .
On the basis of data from polyphasic studies, including analysis of 16S rRNA gene sequences and physiological, biochemical and chemotaxonomic properties, the characteristics of strain THG-e54 T were consistent with descriptions of the genus Terrabacter. Moreover, the phylogenetic distance between strain THG-e54
T and recognized species of the genus Terrabacter, phenotypic characteristics (Table 1) and low DNA-DNA relatedness values warrant that strain THG-e54 T should be assigned to the genus Terrabacter as a representative of novel species, for which the name Terrabacter koreensis sp. nov. is proposed.
Description of Terrabacter koreensis sp. nov.
Terrabacter koreensis (ko.re.en9sis. N.L. masc adj. koreensis pertaining to Korea, the location of the soil sample from which the type strain was isolated).
Cells are Gram-staining-positive, non-motile, rod-shaped, aerobic and non-spore-forming measuring 0.4-0.561.2-1.4 mm (Fig. S2) . After incubation at 28 u C for 3 days on R2A agar, colonies are greyish-white, opaque, sticky and glossy. Able to grow at 20-30 u C and at pH 7.0-8.5, but not below 20 u C or above 30 u C. Growth also occurs in the 
(JN160681) Tetrasphaera duodecadis ATCC 13347 T (AB072496)
Tetrasphaera remsis Terrabacter koreensis sp. nov. 
Growth at 5 % NaCl -
Assimilation of: , a/b-galactosidase, a-glucosidase, bglucuronidase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase (weak), but negative for alkaline phosphatase, a-chymotrypsin, a-fucosidase, b-glucosidase, lipase (C14), a-mannosidase, N-acetyl-b-glucosaminidase, trypsin and valine arylamidase (API ZYM). The predominant fatty acids (.10 %) are iso-C 15 : 0 and iso-C 16 : 0 , and MK-8(H 4 ) is the major menaquinone. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, unidentified amino-containing phosphoglycolipid, unidentified phospholipids, an unidentified aminophospholipid and an unidentified aminolipid. The predominant cell-wall sugars are glucose and ribose, and the cell-wall peptidoglycan contains LL-diaminopimelic acid (A3c) as the diamino acid. Mycolic acids are absent.
The type strain is THG-e54 T (5KACC 17589 T 5JCM 19342 T ), isolated from soil of a flowerbed in Bucheon, South Korea. The DNA G+C content of the type strain is 71.0 mol%.
